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(57) ABSTRACT

A double-wall tank for storing and shipping cryogenic media,
which consists of an inner tank that contains the medium, an
outer casing spaced some distance from the inner tank, and an
evacuated space located between the inner tank and the outer
casing, such that at least one permanent magnet 1s installed 1n
the evacuated space and 1s arranged opposite a high-tempera-
ture superconductor, so that the inner tank 1s supported in the
casing without contact, has the following features:
the high-temperature superconductor (8) 1s located 1n the
evacuated space (3),
both the mnner tank (1) and the casing (2) have aneck (3, 4),
and the necks (3, 4) are arranged concentrically to each
other,
the neck (3) of the inner tank (1) 1s a spirally corrugated
metal tube (3), whose outer end 1s attached to the neck

(4) of the casing (2).

6 Claims, 2 Drawing Sheets
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1
DOUBLE-WALL TANK

RELATED APPLICATION

This application is related to and claims the benefit of
priority from European Patent Application No. 04 290 356.2,
filed on Mar. 1, 2004, the entirety of which 1s incorporated

herein by reference.

The 1nvention concerns a double-wall tank 1n accordance
with introductory clause of Claim 1.

Tanks for low-boiling, liquefied gases are always provided
with expensive insulation to mimmize evaporation of the
liquetied gas by absorption of heat from the environment.
Therefore, they are designed as double-wall tanks, 1n which
an 1nner tank that holds the liquefied gas 1s supported 1 an
outer tank that 1s exposed to the ambient temperature, and a

layer of insulation 1s provided between the inner tank and the
outer tank.

The insulation consists of a material that 1s a poor thermal
conductor, such as superinsulation. After completion of the
tank, the space between the inner and outer tanks 1s evacuated.

The cold mner tank 1s connected with the outer tank by
mechanical suspension or support elements. Connections of
this sort are essential for absorbing the forces that act on the
inner tank by the tank’s own weight and operating stresses.
Consequently, the connections must possess sufficient
mechanical strength and rigidity and thus necessarily lead to
the absorption of heat by solid-body heat conduction.

This has special consequences 1n motor vehicle tanks for
new cryogenic fuels. In these tanks, due to the necessity of
optimum utilization of the available tank space, the insulation
gap between the inner tank and the outer tank must be kept as
small as possible. In a conventional tank suspension, this
results 1 short support elements with comparatively high
heat absorption and thus limited service life.

DE 44 18 745 C2 describes a double-wall tank for storing
low-boiling, liquetied gases with an iner tank that holds the
liquetied gas and an outer tank that supports the inner tank.
The mnner tank 1s supported without contact with the outer
tank by superconductors located in the liquefied gas and by
permanent magnets installed on the outer tank. The supercon-
ductors are type 11 ceramic superconductors, such as YBCO
123 or BSCCU 2212, whose critical temperature Tc 1s above
the temperature of the low-boiling liquefied gas.

A tubular line, which passes through the walls of the outer
tank and the inner tank, i1s provided for filling the inner tank
with liquefied gas or for removing gas. This solution cannot
be used for small tanks from which the liquefied gas 1s
removed by pouring.

The objective of the present mvention 1s to develop a
double-wall tank for liquefied gases, which can be easily
operated and 1n which the heat losses can be reduced, espe-
cially in the area of the outlet, and the storage time of the
liquetied gas can thus be 1increased.

The chief advantages of the invention are:

automatic activation of the suspended state 1s achieved by
tflexible mounting 1n the area of the outlet, and

heat losses in the area of the outlet are reduced by the use of
the spirally corrugated metal tube. As a result of a non-
metallic plug, the cold evaporated gas 1s carried along in
the flow channel that runs spirally around the outlet and
1s heated in 1t until it emerges from the outlet. In this way,
the heat content of the cold gas 1s fully utilized, and heat
flow 1nto the interior of the tank through the outlet 1s
reduced.

5

10

15

20

25

30

35

40

45

50

55

60

65

2

The 1invention 1s explained 1n greater detail with reference
to the specific embodiment shown schematically in FIGS. 1
and 2.

FIG. 1 shows a cross section of a tank 1n accordance with
the teaching of the invention.

FIG. 2 shows an enlarged cross section of the outlet of the
tank of the invention.

The tank consists of an inner tank 1, which contains the
medium, and an outer casing 2 that surrounds the mnner tank 1.

The tank 1 and the casing 2 are spherical 1n shape and
consist of two hemispherical shells. However, other designs
are possible.

The hemispherical shells suitably consist of austenitic steel
and are joined by a weld.

A thin-walled corrugated metal tube 3 1s welded onto the
inner tank 1 and 1s used as a filling and delivery device.

A nozzle 4 1s installed on the outer casing 2 concentrically
to the metal tube 3 and 1s also welded with the outer casing 2.
The space 5 between the inner tank 1 and the outer casing,
2 1s filled with several layers 6 of superinsulation and 1is
evacuated. The annulur space 7 between the metal tube 3 and
the nozzle 4 also has several layers of superinsulation. The
evacuated space 3 1s sealed from the outside by aring disk 14.

Two high-temperature superconductors 8 are mounted on
the inner tank 1. Two permanent magnets 9 are mounted on
the outer casing 2 opposite the high-temperature supercon-
ductors 8. The high-temperature superconductors 8 and the
permanent magnets 9 support the iner tank 1 in the outer
casing 2 without contact.

The metal tube 3 contains a plug 10 made of an insulating
maternal, e.g., plastic, whose diameter 1s almost the same as
the 1nside diameter of the metal tube 3, so that the interior of
the inner tank 1 communicates with the external environment
through a spiral channel 11 (see FI1G. 2), through which the
evaporated cold gas can emerge. This allows tull utilization of
the heat content of the cold gas and reduction of the heat flow
through the metal tube 3 into the mterior of the tank 1.

As 1s shown 1n the enlarged view 1n FIG. 2, the evacuated
space 1s sealed by the ring disk 14, which 1s welded gastight
with the nozzle 4 and with a bushing 12, which 1s screwed
onto the end of the metal tube 3. The end of the metal tube 3
1s also welded with the bushing 12. The cold gas emerging
from 1nside the tank 1 can escape into the atmosphere through
an outlet 13. To reduce the absorption of external heat by the
tank 1 as much as possible, the wall thickness of the metal
tube 3 1s kept as small as possible. The metal tube 3 1s thus
produced from a sheet of stainless steel by longitudinal weld-
ing and subsequent corrugation. Its wall thickness 1s 0.1-0.5
mm. The length of the metal tube 3 1s 30-200 mm, and its
outside diameter 1s between 2-80 mm.

The metal tube 3 has very low thermal conductivity due to
its low wall thickness and due to the use of stainless steel as
the material. The corrugation of the metal tube 3 results 1n the
further advantage that the metal tube 3 has a great deal of
flexibility and greater transverse rigidity than a smooth metal
tube. Furthermore, the corrugated metal tube 3 1s “longer”
than a smooth metal tube, since more metal strip 1s required.
The greater “length” results 1n further reduction of the ther-
mal conductivity. The tank 1n accordance with the teaching of
the ivention 1s suitable especially for liquefied gases. Com-
pared to tanks that are presently commercially available, 1t
increases liquefied gas storage time by a large factor.

The invention claimed 1s:

1. Double-wall tank for storing and shipping cryogenic
media, comprising:

an inner tank that contains the medium:

an outer casing spaced some distance from the inner tank;
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an evacuated space located between the 1inner tank and the
outer casing, such that at least one permanent magnet 1s
installed 1n the evacuated space and 1s arranged opposite
a high-temperature superconductor, so that the inner
tank 1s supported 1n the casing without contact, wherein
the high-temperature superconductor i1s located 1n the
evacuated space, both the inner tank and the casing have
a neck, and the necks are arranged concentrically to each
other, and the neck of the inner tank 1s a helically corru-
gated metal tube, whose outer end 1s attached to the neck
of the casing; and

a plug made of a nonmetallic material 1s located 1nside the
corrugated metal tube wherein the plug fills the mside
cross section of the corrugated metal tube, so that a spiral
channel 1s formed between the corrugated tube and the
plug.

2. Tank 1n accordance with claim 1, wherein the permanent

magnet 1s mounted on the casing, and the superconductor 1s
mounted on the inner tank.

3. Tank 1n accordance with claim 1 wherein the evacuated
space contains several layers of a superinsulation material.

4. Tank 1n accordance with claim 1, wherein the corrugated
tube has a wall thickness of 0.1-0.5 mm.

5. Tank 1n accordance with claim 1, wherein two or more
permanent magnets and high-temperature superconductors
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are mnstalled 1n the evacuated space and are uniformly distrib-
uted in the lower part of the tank at an angle o1 0-90° from the
vertical.
6. Double-wall tank for storing and shipping cryogenic
media, comprising:
an inner tank that contains the medium;
an outer casing spaced some distance from the inner tank;
an evacuated space located between the inner tank and the
outer casing, such that at least one permanent magnet 1s
installed 1n the evacuated space and 1s arranged opposite
a high-temperature superconductor also located 1n the
same evacuated space, so that the inner tank 1s supported
in the casing without contact allowing said double-
walled tank to be formed with a small special dimension,
allowing for removal of a liquefied gas, used to cool said
cryogenic media, by pouring, both the inner tank and the
casing have a neck, and the necks are arranged concen-
trically to each other, and the neck of the mner tank is a
helically corrugated metal tube, whose outer end 1s
attached to the neck of the casing; and
a plug made of a nonmetallic material 1s located inside the
corrugated metal tube wherein the plug fills the 1nside
cross section of the corrugated metal tube, so that a spiral
channel 1s formed between the corrugated tube and the

plug.
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